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ABSTRACT 


Snail-scale  cratering  experiments  are  being  conducted  by  the  Civil  Engineer¬ 
ing  Research  Facility  with  systematic  variation  in  the  parameters  of  the  ex¬ 
periments,  especially  in  the  charge  configurations  and  media  employed  in  the 
test  beds.  Before  cellular  (foam)  concrete  could  be  used  in  the  small-scale 
cratering  studies,  it  was  necessary  to  understand  its  behavior  in  specific 
cratering  environments  and  to  determine  the  reproducibility  of  the  results. 
Therefore,  to  acquire  this  information,  eight  preliminary  high-explosive  shots 
were  fired  on  foam  concrete  pads.  These  shots  demonstrated  that  crater  shapes 
and  sites,  type  and  quantity  of  ejecta,  and  fracture  patterns  are  reproduci¬ 
ble,  and  shat  foam  concrete  is  a  suitable  material  for  simulating  weak,  por¬ 
ous  rock. 

(Distribution  Limitation  Statement  B) 
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SECTION'  I 


INTRODUCTION 


1.  BACKGROUND 

It  has  been  found  from  cratering  studies  that  the  presence  of  a  competent 
layer  beneath  the  soil  affects  the  crater  site  and  related  phenomena.  The 
study  of  cratering  in  this  type  of  geology  is  one  of  the  objectives  of  the 
small -scale  cratering  studies  being  conducted  at  the  Civil  Engineering  Research 
Facility. 

For  this  study  it  was  necessary  to  construct  a  layered  test  bed.  The  mis¬ 
match  in  strength  and  velocity  between  the  layers  in  the  test  bed  were  to  be 

similar  to  those  found  in  nature.  An  examination  of  available  materials  was 

£ 

made  and  foam  concrete  was  found  to  have  the  desired  characteristics  for  the 
competent ,  lower  layer.  An  added  advantage  to  foam  concrete  is  its  relatively 
low  cost  and  ease  of  fabrication  and  emplacement.  However,  before  it  could  be 
used  In  the  small-scale  cratering  studies,  it  was  necessary  to  study  its  behav¬ 
ior  in  specific  cratering  environments.  The  results  of  these  studies  are  re¬ 
ported  here. 

2.  OBJECTIVE 

Preliminary  testing  for  the  small-scale  cratering  studies  was  conducted 
to  evaluate  the  behavior  of  foam  concrete  in  order  to  determine  the  feasibility 
of  using  this  material  to  simulate  the  weak,  parous  rock  in  the  experiments  and 
to  ascertain  the  reproducibility  of  the  results. 

5.  SCOPE 

Tills  report  is  concerned  with  eight  preliminary  1-Lb  high-explosive  (C-4) 
shots  on  four  pads  of  foam  concrete  to  establish  basic  crater  phenomenology  as¬ 
sociated  with  foam  concrete  and  to  determine  the  responses  of  this  medium  to 
various  charge  configurations  which  might  be  used  in  future  small-scale  crater¬ 
ing  studies. 


7. - 

Readers  who  desire  more  information  about  foam  concrete  are  encouraged  to 
consult  references  1  through  4. 
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SECTION  II 


TEST  PREPARATION 

1.  FOAM  CONCRETE  PAD  CONSTRUCTION 

The  forms  for  three  circular  foam  concrete  pads  were  constructed  from  1/4- 
in.  plywood  and  were  built  on  a  leveled  soil  surface  in  the  test  area  west  of 
the  Civil  Engineering  Research  Facility,  Area  Y,  Kirtland  Air  Force  Base  East. 
Soil  was  placed  against  the  outer  sides  of  the  forms  for  lateral  support.  The 
fora  for  a  square  foam  concrete  pad  was  fabricated  from  1-  x  12-in.  boards  and 
placed  on  asphaltic  concrete. 

A  water-cement  slurry  was  delivered  in  transit -mix  trucks  to  the  test  site 
where  additional  water,  if  needed,  was  added.  Then  the  foam  mix  was  added  to 
the  water-cement  slurry  from  a  30-gal  pressure  tank.  The  foam  concrete  pads 
were  poured  and  allowed  to  cure  for  a  minimum  of  seven  days.  Table  I  lists 
the  shape  and  size  of  the  pads,  the  composition  of  the  foam  concrete,  and  the 
dates  on  which  the  pads  were  poured. 

2.  TEST  SAMPLES 

Test  cylinders,  6  by  12  in.,  were  taken  from  each  batch  of  foam  concrete 
for  strength,  unit  weight,  void  ratio,  porosity,  and  ultrasonic  velocity  test¬ 
ing  in  the  laboratory.  Table  II  shows  the  results  of  these  tests  for  the  four 
foam  concrete  pads.  On  one  test,  cores  were  taken  from  the  test  slab  to  ex¬ 
amine  in  situ  properties. 

3.  CHARGE  CONFIGURATIONS 

The  four  charge  configurations  used  in  the  testing  of  the  foam  concrete 
are  shown  in  table  III. 

4.  INSTRUMENTATION 

Only  shot  5  was  instrumented.  After  pad  2  was  poured,  it  was  decided  to 
measure  the  acceleration  and  velocity  of  shot  3  which  was  to  be  fired  on  this 
pad.  Therefore,  two  6 -in. -deep  channels  were  carved  into  the  surface  of  the 
pad  along  perpendicular  lines  (N  and  W)  to  accommodate  the  instrumentation. 

Six  piezoresistive  accelerometers  (Endevco  Model  2264-30K-R) ,  which  have  a  max¬ 
imum  range  of  30, GOO  g  and  a  mounted  resonant  frequency  of  90  kHz,  were  used. 
Three  accelerometers  were  placed  in  each  channel  at  2,  3,  and  4  ft  from  the 
center  of  the  pad  (fig.  1).  Fresh  foam  concrete  of  the  same  proportion  as  the 
original  pad  was  poured  into  the  carved  channels  to  hold  the  accelerometers  in 
position. 
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Table  I 


FOAM  CONCRETE  PAD  DATA 


Pad 

Date 

Shape 

Dia. , 

Depth, 

* 

Quantity,  lb 

Water- 

Cement 

Ratio 

Poured 

ft 

ft 

hater 

** 

Cement 

E9 

1 

IS  June  7^ 

Circular 

10.0 

1 

1586 

2597 

158 

0.66 

2 

10  Sept  71 

Circular 

10.0 

5 

4522 

7520 

5S8 

0.60 

5 

25  Feb  72 

Circular 

10.0 

1 

5588 

5640 

284 

0.60 

4 

25  Feb  72 

Square 

9.5 

2 

5588 

5640 

234 

0.60 

Quantities  are  based  on  deliver)*  records. 

AX. 

Type  111  Portland  cement  (high-early- strength) . 
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P 
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Table  II 

FOAM  CONCRETE  PROPFRTIES 


Pad 

Compressive 

Strength, 

psi 

Oven -Dried 
Unit  height, 
pcf 

Void 

Ratio 

Porosity, 

% 

Ultrasonic 

Velocity, 

ft/sec 

1 

152.  sL 

29.91 

4. SI 

S2.78 

4919 

2 

189.0., 

51.73 

4.29 

81.09 

5555 

3 

JU t  • U • » 

27.30 

5.01 

85.56 

S50S 

4 

415.0  1 

27.80 

5.01 

S5.56 

5508 

Average  of  three  6-  x  12-in.  cylinders  (10-day  strength). 

AX.  ^ 

Average  of  four  6-  x  12-in.  cylinders  (19-day  strength). 

Average  of  six  2-  x  4-in.  cores  from  the  pad  and  six  6-  x  12-in. 
cylinders  (21-day  strength). 

Average  of  six  6-  x  12-in.  cylinders  (75-dav  strength). 


Table  III 

CHARGE  CONFIGURATIONS 


Shot 

Pod 

Configuration 

1 

1 

Half  Buried 

2 

1 

Surface  Tangent  Above  SGZ 

5 

2 

Surface  Tangent  Above  SGZ 

4 

5 

Surface  Tangent  Above  SGZ 

5 

4 

Two  Giargc  Radii  Above  SGZ 

6 

4 

Tu*o  Giargc  Radii  Above  SGZ 

7 

4 

Surface  Tangent  Below  SGZ 

8 

4 

Surface  Tangent  Below  SGZ 

Note:  SGZ  =  Surface  Ground  Zero. 


•  Accelonxnetcrs 


Figure  l.  location  of  Accelerometers  on  Pad  2 


SECTION  nr 


TEST  PROCEDURES 


1.  FIRING  OF  EXPLOSIVES 

In  all  tests,  1-lb  spherical  charges  of  C-4  explosive  (TXT  equivalent 
1.3  lb)  were  fired  by  center  detonation  with  K4-I  electrical  detonators  (ssm- 
u  factored  by  R.  Stresau  Laboratory,  Inc.).  Slots  1,  2,  and  4  through  S  were 
fired  by  a  annually  operated  blasting  machine;  shot  5  was  remotely  actuated 
by  an  autocratic  data  acquisition  system. 

2.  EiATA  RECORDING 

Data  frees  shot  5  were  recorded  on  a  Lin i ted  Electro  Dvnmdcs  Inc.  data 
acquisition  system.  Annex  CP  100  magnetic  tape  recorders  operating  at  60  ins 
with  a  band  pass  of  0  to  20,000  Hr  were  used  In  that  systen.  An  oscilloscope 
(Tektronix  S02)  and  a  Polaroid  camera  attachment  were-  used  for  data  display. 

The  true  craters  were  detemind  by  carefully  reserving  the  loose  material 
produced  by  the  shots.  Crater  oc-asunccKits  were  made  along  eight  rsiials  free 
the  center  of  the  craters  at  1-in.  intervals  of  depth  or  range,  depending  upon 
crater  shape  (for  kettie  shape,  depth  was  used;  for  all  other  shapes,  range 
was  used).  Crater  rollers  on  the  circular  pads  were  determined  by  graphical 
integration  frea  profiles  drawn  in  accordance  with  the  above  measured  values. 
To  check  this  method  of  determining  the  volume,  the  rate  of  the  shot  5  cra¬ 
ter  was  also  measured  by  backfilling  with  a  measured  quantity  of  Ottawa  sand 
(table  IV).  Crater  volumes  on  the  square  pad  {shots  5  through  SI  were  deter¬ 
mined  by  tk  latter  method  only. 

&srface  fractures  resulting  from  some  shots  were  Cephas i zed  with  black 
ink  and  recorded  photographical ly. 


SUMMARY  OF  TEST  DATA 
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Averaged  data  from  shots  2,  3,  and  4. 
Averaged  data  from  shots  5  and  6. 
Averaged  data  from  shots  7  and  8. 


SECTION  IV 


RESULTS 

The  i*esults  from  the  foam  concrete  testing  are  limited  here  to  passive 
elements  such  as  the  fracture  patterns  on  the  pads  and  the  dimensions  and 
shapes  of  the  craters.  The  instrumentation  data  obtained  from  shot  3  may  be 
found  in  inference  5. 

1.  HALF- BURIED  CHARGE  CONFIGURATION 

The  charge  for  shot  1  was  half  buried  near  the  center  of  the  northern 
half  of  pad  1.  Figure  2  shows  the  resulting  apparent  crater  which  is  nearly 
full  of  pulverized  foam  concrete  and  lumps  of  foam  concrete,  with  very  little 
ejecta  on  the  pad.  Upon  removal  of  the  powdered  foam  concrete,  the  true  cra¬ 
ter  (fig.  3)  appeared  to  be  nearly  hemispherical  with  a  radius  of  10  in. ,  a 
depth  of  9.5  in.,  and  a  volume  of  approximately  1.200  ft5  (fig.  4).  After 
sweeping  the  pad,  nine  distinct  radial  fractures  which  branched  and  zigzagged 
to  the  edge  of  the  pad  were  revealed  (fig.  5). 

2.  SURFACE -TANGENT- ABOVE-SGZ  CHARGE  CONFIGURATION 

Three  shots  we.o  fired  in  the  surface - tangent - above - SGZ  (Surface  Ground 
Zero)  charge  configuration.  As  with  the  half -buried  charge,  there  was  very 
little  ejecta  produced  and  the  craters  were  also  nearly  full  of  powdered  and 
lumped  foam  concrete. 

Shot  2  was  fii'ed  near  the  center  of  the  southern  half  of  pad  1.  Upon  re¬ 
moval  of  the  pulverized  material  from  the  crater,  a  kettle- shaped  true  crater 
(figs.  6,7)  was  disclosed  in  contrast  to  the  nearly  hemispherical  shape  pro¬ 
duced  by  shot  1.  Although  evidence  of  radial  cracks  were  noted,  the  fracture 
pattern  was  obscured  by  the  fractures  from  the  first  shot.  The  true  crater 
was  7.75  in.  in  radius  and  8.75  in.  in  depth  (maximum).  Graphical  integration 
of  the  field  measurement  profile  (fig.  7)  resulted  in  a  volume  of  0.689  ft.3. 
The  previously  noted  radius  and  depth  were  also  determined  by  using  the  field 
data. 

Because  of  the  interest  developed  by  the  unexpected  and  provoking  kettle 
shape  of  the  shot  2  crater  and  because  two  shots  had  been  fired  on  the  same  1- 
ft-thick  pad,  a  second  surface-tangent-above-SGZ  shot  (shot  3)  was  fired  in 
the  center  of  a  new,  3-ft-t.hick  pad  (pad  2)  to  determine  the  reproducibility 
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iter  Profile  for  Half- Buried  Charge 
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:igurc  7.  True  Crater  Profiles  for  Su  r  f ace -Tangon  t  -  Above  -  SG2  Charge 


of  the  results  acquired  from  shot  2  and  to  obtain  a  distinct  fracture  pattern 
for  the  surface-tangent-above-SGZ  charge  configuration. 

Preshot  inspection  of  pad  2  revealed  a  hollow  sound  when  the  surface  was 
tapped.  This  sound  was  due  to  the  presence  of  :  ir  voids  just  under  the  surface 
In  addition,  a  faint,  i*andom  fracture  pattern,  probably  due  to  shrinkage,  had 
developed  on  the  surface  of  the  pad. 

Shot  5  reproduced  the  kettle-shaped  true  crater  of  shot  2  (figs.  7,8).  It 
was  also  nearly  full  of  crushed  foam  concrete,  and  again  very'  little  ejecta  was 
produced.  The  radius,  depth,  and  volume  of  this  crater  were  6.62  in.,  7.25  in. 
and  0.461  ft3,  respectively.  Ihe  postshot  surface  fracture  pattern  (fig.  8) 
appears  to  represent  an  enlargement  of  the  preshot,  random  fracture  pattern  al¬ 
ready  noted. 

The  quadrant  between  the  N  and  Iv  lines  of  pad  2  was  removed  to  obtain  two 
vertical  cross  sections  of  the  true  crater  and  interior  fracture  patterns  (fig. 
9).  The  fractures  near  the  side  and  base  of  the  pad  may  be  due  to  reflections 


Figure  8.  Tine  Crater  Produced  by  Shot  5 


U-: 


of  stress  waves.  Postshot  examination  revealed  that  some  of  the  accelerometers 
were  not  completely  embedded  in  the  foam  concrete .  Figure  10  shows  the  thin 
surface  layer  (probably  formed  by  the  air  voids  noted  above),  the  crater  lip, 
and  the  fracture  pattern  within  the  pad  including  some  prominent  horizontal 
separations  near  the  crater. 

Kith  the  removal  of  the  thin,  randomly  fractured  surface  layer,  an  irreg¬ 
ular  radial  fracture  pattern  composed  of  mostly  curvilinear  cracks  was  uncov¬ 
ered  (fig.  11). 

A  final  surface-tangent-above-SGZ  charge  (shot  4)  was  fired  on  pad  5  to 
check  the  surface  fracture  pattern.  This  shot  reproduced  the  kettle- shaped 
craters  of  shots  2  and  3  (fig.  7)  and  the  radial  fracture  pattern  of  shot  1 
(fig.  12).  The  shot  4  true  crater  had  a  radius  of  7.5S  in.,  a  depth  of  7.50 
in.,  and  a  volume  of  0.606  ft3.  The  field  measurement  profile  of  this  crater 
is  shown  in  figure  7.  The  fracture  pattern  consisted  of  nine  radial  cracks 
which  zigzagged  to  the  edge  of  the  pad;  however,  there  was  no  discernible 
brandling  of  the  fractures  as  in  shot  1.  In  addition,  dark,  radial  patterns 
were  observed  on  the  surfaces  of  the  pads  on  which  the  surface-tangent-above- 
SGZ  charge  was  used  (figs.  S,12).  These  patterns  are  probably  caused  by  ex¬ 
plosive  products  and  may  indicate  lateral  paths  traveled  by  low-level  ejecta. 

5.  TKO-O LARGE- RAD 1 1 -ABOVF.-SGZ  CHARGE  CONFIGURATION 

Shots  5  and  6  (figs.  15,14)  were  fired  on  the  southwest  and  southeast 
quarters  of  pM  4  with  the  charges  suspended  two  charge  radii  above  SGZ.  The 
craters  forme'*  by  these  shots  were  filled  with  crushed  fo;an  concrete,  and  as 
in  all  the  preceding  shots  very  little  ejecta  was  deposited  on  the  pad.  Wien 
the  loose  material  was  removed,  nearly  identical  bowl- shaped  true  craters  were 
revealed,  indicating  good  reproducibility  between  the  two  shots.  The  radius, 
depth,  and  volume  for  the  true  crater  of  shot  5  were  8  in.,  5.25  in.,  and  0.290 
ft3,  respectively;  the  corresponding  measurements  for  the  true  crater  of  shot  6 
were  S.125  in.,  5.50  in.,  and  0.502  ft3,  respectively.  Volumes  were  determined 
by  backfilling  with  Ottawa  sand  and  measuring  the  volume  of  the  sand. 

These  shots  produced  no  readily  identifiable,  radial  fractures  or  crack 
patterns  on  the  surface. 

Several  prominent  horizontal  and  vertical  fractures  had  developed  on  this  pad 
by  test  time. 
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Figure  II.  Radial  Fracture 
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ttern  Produced  bv  Shot  5 


Figure  12.  True  Crater  Produced  bv  Shot  l 
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Figure  13.  True  Crater  Produced  by  Shot  5 


4.  SURFACK-TAXGENT - BiiLOiv-SGZ  GLAKGE  COXFIOJRATIOX 

Shots  7  and  $  were  filed  on  the  northwest  and  northeast  quarters  of  pad 
4  with  a  tangent  -  be  low  -  SGI  charge  configuration.  Holes  were  carved  into  the 
surface  of  pad  4  to  receive  these  charges.  Although  still  sparse,  there  was 
a  little  more  ejecta  thrown  onto  the  pad  than  in  the  prior  shots.  The  craters 
were  nearly  filled  with  crushed  foam  concrete.  These  shots  produced  cone- 
shaped  true  craters.  (See  fig.  IS  for  the  apparent  crater  of  shot  S.)  The 
tine  crater  radius,  depth,  and  volume  for  shot  7  were  12  in.,  15  in.,  and 
1.470  ft  ,  respectively.  The  corresponding  measurements  for  shot  S  were  12 
in.,  15.5  in.,  and  1.5S0  ft3,  respectively  (fig.  16).  Volumes  were  again  de¬ 
termined  by  backfilling  with  Ottawa  sand  and  measuring  the  volirae  of  the  sand. 

Both  of  these  shots  produced  radial  surface  fractures;  however,  it  was 
not  possible  to  establish  a  definite  crack  pattern  because  of  pre-existing 
fractures  in  pad  4. 
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SECTION  V 


DATA  ANALYSIS 

The  results  obtained  from  this  preliminary  series  of  tests  to  determine 
basic  crater  parameters  in  foam  concrete  are  summarized  in  table  IV.  The  cra¬ 
ter  shapes  and  sizes  were  very  similar  and  reproducible  for  shots  fired  with 
the  same  charge  configuration.  Crater  parameters  from  the  three  surface- 
tangent-above-SGZ  shots  (2,  3,  and  4)  varied  the  most- -17  percent  in  radius, 

21  percent  in  depth,  and  50  percent  in  volume.  Variations  occurred  between  the 
test  fired  on  pad  1  (shot  2)  which  was  1  ft  thick  and  the  test  fired  on  pad  2 
(shot  3)  which  was  3  ft  thick.  Shots  2  and  4  which  were  fired  on  pads  1  and 
3,  respectively  (both  were  1  ft  thick)  showed  more  nearly  uniform  parameters 
(fig.  7).  Therefore,  the  greater  difference  in  the  crater  sizes  produced  by 
shots  2  and  3  may  be  attributed  in  part  to  the  difference  in  thickness  of  the 
two  foam  concrete  pads.  Shot  2  probably  produced  a  larger  crater  than  that 
produced  by  shot  3  because  of  the  stronger  wave  reflection  in  the  thinner  pad 
which  was  due  to  the  foam  concrete/soil  impedance  mismatch.  In  addition,  all 
shot  2  crater  parameters  were  larger  than  those  of  shots  3  and  4.  This  is 
probably  due  to  the  lower  strength  of  pad  1.  (The  lower  strength  of  pad  1 
resulted  from  the  prior  firing  of  shot  1  on  this  pad.)  This  is  confirmed  by 
the  fact  that  the  second  shot  of  both  the  two-charge-radii-above-SGZ  and  the 
surfacc-tangent-below-SGI  charge  configurations  also  had  larger  craters  than 
the  first  shots.  However,  the  differences  in  the  size  of  craters  between  first 
and  second  shots  of  the  same  configuration  on  the  same  pad  were  not  as  great  as 
the  differences  between  the  sane  type  of  shots  on  pads  of  different  thicknesses. 

Figure  17  shows  crater  volume,  radius,  and  depth  versus  charge  configura¬ 
tion  for  the  1-lb  charges  of  C-4  in  foam  concrete .  The  volume  curve  seems  to 
flatten  out  at  the  surface -tangent -be low- SGZ  point  and  appears  to  approach  the 
optimum  depth-of -bui'st .  As  would  be  expected,  the  crater  depths  and  radii  in¬ 
crease  as  the  charge  is  lowered;  however,  optimum  depth  was  not  reached  in 
these  tests. 

Fracture  patterns  consisting  of  nine  radial  cracks  were  produced  by  the 
half-buried  charge  in  shot  1  and  by  the  surf ace -tangent -above -SGZ  charge  in 
shot  4.  Since  the  fracture  pattern  of  shot  2  was  superimposed  on  that  of 
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Two  Charge  Radii  Surface  Tangent 
Above  SGZ  Above  SGZ 
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Surface  Tan 
Below  SG 


Charge  Configuration 


l-'Lgurc  17.  Crater  Parameters  versus  Charge  Configurations 
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shot  1  (on  pad  1)  it  was  indistinct.  Although  a  radial  fracture  pattern  was 
pi'oduced  by  shot  3,  it  differed  from  those  of  shots  1  and  4  in  that  there  were 
about  15  curvilinear  fractures  which  did  not  extend  to  the  edge  of  the  pad. 
These  differences  were  probably  due  to  heterogeneous  foam  concrete  as  evidenced 
by  the  presence  of  air  voids  under  the  thin  surface  layer.  Some  prominent  hor¬ 
izontal  fractures  within  the  pad  also  pointed  to  an  inconsistency  in  the  foam 
concrete  medium.  No  definitive  radial  fractures  were  p/oduced  by  shots  5  and 
6  (two-charge-radii-above-SGZ  charge  configuration);  howe/er,  shots  7  and  8 
(surface-tangent-below-SGZ  charge  configuration)  produced  several  radial  frac¬ 
tures.  It  was  not  possible  to  establish  any  definite  fracture  patterns  for 
shots  5  through  8  because  of  pre-existing  fractures  in  pad  4. 

The  most  interesting  result  from  this  series  of  tests  was  the  kettle¬ 
shaped  craters  resulting  from  the  surface-tangent-above-SGZ  shots.  This  shape 
resembled  the  pressure  profiles  from  calculated  surface  bursts  (ref.  5)  or  the 
Boussinesq  solution  of  a  concentrated  normal  load  on  a  semi-infinite  plate. 

It  appears  that  these  craters  were  formed  by  a  spherical  pressure  wave  pro¬ 
duced  by  the  detonation  of  the  spherical  charge.  This  wave  crushed  the  foam 
concrete  until  attenuation  reduced  the  pressure  below  its  crushing  strength 
and  at  the  same  time  prevented  most  of  the  crushed  medium  from  escaping  as 
ejecta.  This  same  hypothesis  seems  to  apply  to  the  other  charge  configurations. 
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SECTION  VI 


CONCLUSIONS  AND  RECOMIENDATIONS 


1.  CONCLUSIONS 

The  crater  shapes  resulting  from  all  charge  configurations  (with  the  pos¬ 
sible  exception  of  the  surface -tangent -below- SGZ  shots)  appear  to  have  been 
formed  by  spherical  pressure  waves  crushing  the  foam  concrete  until  the  wave 
strengths  attenuated  below  the  crushing  strength  of  the  medium.  This  crushing 
action  probably  kept  most  of  the  crushed  foam  concrete  from  escaping  as  ejecta. 
The  largest  quantity  of  ejecta  was  associated  with  the  surface-tangent-below- 
SGZ  shots  due  to  some  foam  concrete  being  above  the  charge. 

Tensile  stresses  were  induced  by  all  shots,  producing  some  radial  frac¬ 
tures  which  extended  from  the  crater  edges  outward  for  various  distances. 

It  is  concluded  from  the  results  obtained  that  crater  shapes  and  dimen¬ 
sions  are  reproducible  in  foam  concrete;  that  this  material  behaves  as  a  homo¬ 
geneous  medium  under  controlled  conditions;  and  that  foam  concrete  is  suitable 
for  simulating  layers  of  weak,  porous  rock  for  future  small-scale  cratering 
studies. 

2.  ROCQNMEixDATIONS 

It  appears  that  foam  concrete  would  be  a  suitable  medium  for  studies  com¬ 
bining  theoretical  calculations  with  experimental  testing  (ref.  5) .  In  this 
connection,  laboratory  studies  should  be  initiated  to  determine  relevant  prop¬ 
erties  and  characteristics  of  this  medium  for  use  in  computer  codes.  More  in¬ 
strumented  shots  should  be  planned  which  would  lead  to  a  better  understanding 
of  cratering  phenomenology  in  foam  concrete.  It  is  especially  recommended  that 
the  tuo-chai'ge-radii-above-SGZ  and  the  surface- tangent-below- SGZ  shots  be  re¬ 
peated  under  more  closely  controlled  conditions.  Testing  with  other  charge 
configurations  might  prove  rewarding,  e.g.,  firing  a  charge  below  the  optimum 
depth-of-burst  to  determine  if  a  spherical  cavity  would  be  formed  as  the  shots 
reported  here  seem  to  indicate. 
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